For proper handling of a product knowledge regarding its water content is essential. To provide fast, inexpensive and reliable results, the direct evaporation method of water in oil bath (EDABO) has been proven to be a viable alternative, at all stages of production of the Brazil nut. Therefore, adaptation and validation of the EDABO method for the almonds was developed using ten lots, five for each stage, maintaining the water content range between 3.73 and 29.13% w.b, which is the typical water content range for the product from the collection phase until its final marketing. The oil bath temperatures tested were 150° C to 200° C, from 10 to 10° C for the adaptation step. The results thus obtained were compared with the water content recorded for the same batch employing the vacuum oven method as the standard. In the adaptation step the most suitable temperature range was set. Next, the method was validated to test for the precision, accuracy and linearity of the pre-set temperature range. During this step, temperature of 150° C were observed to ensured water content results consistent with those determined by the standard method. In the validation step the temperature of 150° C revealed precision, accuracy and linearity and were comparable to the standard method. Therefore, considering the technical aspects for implementation of this method, it was concluded that 150° C temperature was validated.
INTRODUCTION
The seeds of Bertholletia excelsa H.B.K., popularly termed Brazil nut, (LORENZI, 1992) occurs in the upland areas of the Amazon region (SOUZA et al., 2008; LOUREIRO et al., 1979; SILVA, 1968) , in countries including Bolivia, Colombia, Guyana, Venezuela, Peru and Brazil (MORI et al., 1990) . As members of the Lecythidaceae family, they represent the major plant species in the region (MARTINS; MARTINS, 2011) , and are found in the states of Acre, Amapá, Amazonas, Mato Grosso, Pará, Rondônia, Roraima and Tocantins, in Brazil (LORENZI, 1992) . Nut extraction forms one of the main economic activities for families inhabiting this region (JUNIOR et al., 2000) , producing in 2014, R$ 79,565,000.00, from 37,499 tons of the extracted product (IBGE, 2015) .
Protected by a woody, triangular seed coat and encapsulated like sea urchins (LORENZI, 1992 ) the seeds are botanically described as a capsule "poricida" (BARROSO, 1999) or "pixídio" (JOLY, 1985) . The thick woody domed shell is highly resistant, protecting the seeds from inclement weather, physical and chemical damage, and has earned the nickname "hedgehog" (SCUSSEL et al., 2014) . Although the fruit of the Bertholletia genus have a hole in the pericarp it does not allow the loss of the seeds (BARROSO, 1999) .
As the almond represents a good quantity and quality protein profile (SUN et al., 1987) , with high selenium content (LOCATELLI et al., 2005) and a good lipid profile (LIMA et al., 2011) there is a growing demand for it in the food industry. Another factor which makes it a wise choice to grow is the utilization of its by-products. The broken or whole nuts of low commercial value find use in the production of flour, cereal bars, cookies, etc., while the skins can be used as fuel, and even the 'hedgehog' is being widely used in the manufacture of handmade artifacts (LOCATELLI et al., 2005) .
Besides the chemical composition of organic products, the water naturally present (MILMAN, 2002) , enables the product to interact with the surrounding biotic factors or to trigger internal chemical reactions which results in the weight loss of the product (CELESTINO, 2010) .
Therefore, knowledge regarding the water content of the product is crucial in determining the likelihood of the product to deteriorate. This influences the ability to decide on the operation unit required, either before or during the industrial processing, such as drying, storage and aeration, among others (KAISJER et al., 2000) .
Innumerable methods are available for determining the water content of vegetable products (SHEI; LIN, 2012; ILELEJI et al., 2010; SILVA, 2008) , but it is the physical and chemical characteristics of each product that determines the appropriate method for each variety (Institute Adolfo Lutz, 2008) . Besides the suitability of the method based on the product characteristics, factors like cost, run-time and method accuracy also assume utmost significance for them to be utilized by the industry or even the producers (SILVA, 2008) .
Brazil nuts or almonds in particular, unlike the other plant products like corn, soybeans and others, lack validated water content determination methods. This is further aggravated by the chemical characteristics of the product, specifically with respect to the content and the lipid profile, with great inclination for the traditional gravimetric methods, involving the use of an oven with air circulation, for example (Instituto Adolfo Lutz, 2008) . One solution for this issue is the utilization of vacuum oven at low temperatures, which is most appropriate for high lipid content products. However, besides involving high equipment cost, the time required for obtaining the result is also too long, considering the necessity for water content values virtually instantly, in the industry (MATHLOUTJI, 2001) .
Therefore, alternative water content determination methods, to the ones traditionally employed at the level of the laboratory experiments, have been developed and validated for several agricultural products (SARMENTO et al, 2015; KANDALA et al., 2013; SUNDARAM et al., 2012) . These methods, besides providing precise results, also need to quickly perform the analysis, be inexpensive and be performed in the field or in the industry, without involving the use of high precision equipment. One such method is the evaporation direct water in oil bath, known by the acronym EDABO (SABIONI; SILVA, 1984) from the Brown-Duvel distillation, which includes all the positive features for an alternative method. However, its operating characteristics need to be validated for each product, such as sample preparation and the oil bath temperature.
Thus, in light of the urgent need for a water content determination method, validated for the Brazil nut, and which is usable in both the previous steps or during industrial processing, this work aimed to validate the EDABO method for the Brazil nut in shell.
MATERIAL AND METHODS
Brazil nut in shell samples were obtained in a processing plant located in the municipality of Sinop, Mato Grosso, Brazil.
The experiments were conducted in two stages: the first, termed 'adaptation' was performed to determine the sample preparation method, as well as define a narrower range of the oil bath temperature to validate it; the second step, 'validation', was done to check, within the range defined in the prior step, at the most suitable temperature for implementing the method.
Five lots were employed in the adaptation stage and five others to validate the EDABO method. Each lot were collected at different stages, from the time of arrival of the freshly harvested product in the industry, until its final commercialization, which represented the greatest possible water content range for the product under real processing conditions.
Each batch represented a sample drawn from the nuts of the same processing step, obtained from five collections over a day. They were homogenized and segregated for water content determination by the reference method and the EDABO method.
The reference method to assess the water content of the batch was performed in an oven, under reduced pressure (p≤100 mmHg) at 70 °C, called a vacuum oven. Five replicates were done for each batch in the vacuum oven until constant weight was achieved; each replicate consisted of five nuts in shell, selected randomly from each batch. After achieving constant weight, the water contents were determined by the difference between the initial sample mass and the final mass (Instituto Adolfo Lutz, 2008) .
In the EDABO method, the temperatures tested were 150, 160, 170, 180, 190 and 200 °C. Inside a metal container of 1 liter volume, 50±10 g Brazil nuts in shell were weighed. To prevent the explosion of nuts, due to the increase in vapor pressure between the nut and the shell, the shells were first broken to maximize the area for the steam outlet. The nuts were then covered with refined soybean oil, the container was capped with a perforated cap and a thermometer inserted into the container, to record the oil bath temperature. The entire assembly was weighed and transferred for heating to the temperature of the test in question. Once the desired temperature was reached, the heat source was removed and the whole unit was allowed to naturally cool down and re-weighed. The water content of the sample was determined by recording the difference between the mass of the assembly before and after heating, to give the sample mass used.
The results obtained from the adaptive tests were used to define the temperatures to be validated for the EDABO method. At this stage the analysis was performed for the set temperatures, to compare the accuracy, linearity and precision of the water content results with those obtained using the reference method according to Brito et al. (2003) . Besides these parameters, the repeatability and reproducibility of the method were evaluated. To accomplish the first the coefficient of variation (CV) of the data was used, whereas for the second, a few replications were performed with a change in operator, equipment and the temperature and relative humidity conditions of the environment.
The water content data obtained from all the steps of the adaptation and validation of the EDABO method and the vacuum oven method were submitted to Lilliefors normality test. Then the analysis of variance (ANOVA) was done, followed by Tukey's test between the reference data and those obtained in the EDABO method, at different temperatures.
For the validation step, besides the statistical methods described above, a linear regression model was fitted between the vacuum oven method and the EDABO method by calculating the curve adjustment parameter (R²). The linearity was then tested based on the adjusted model, as well as by exclusive invalid assumptions, the intercept and slope of the model, and the possibility of invalidity combined as follows: 1) H0: β0 = 0; Ha: β0 ≠ 0; 2) H0: β1 = 0; Ha: β1 ≠ 0; 3) H0: β1 = 0 and β0 = 0; Ha: β0 ≠ 0 and β1 ≠ 0;
In the case of accepting the first hypothesis of nullity, it was concluded that the model intercept is significant. Regarding the second null hypothesis, in case of its non-rejection, it appears that the slope of the model is not null. In the case of non-rejection of the joint null hypothesis, the third to be tested indicates the equivalence seen between the values obtained by using different methods.
All the statistical procedures were performed using Action Stat software and 0.05 was adopted as the significance level for type I error. Table 1 shows the results of the tests for the average water content of the five batches done, implementing the reference method and the EDABO method at different temperatures. In the adaptation phase, the mean values of the water content of the lots recorded from the reference method, ranged from 6.35 and 18.92% w.b. with standard deviation (SD) ranging from 0.43 to 1.38 (Table 1 ). In the case of those subjected to the EDABO method, the same batches showed the average water content ranging from 6.96% to 18. When the average of the test results for the five batches during the adaptation phase was considered, it was observed that only at 150 °C of boiling temperature, the water content results showed values not different from those of the reference method (Table 1) . Thus, during the validation phase, the EDABO method at 150 °C temperature was tested for accuracy, precision, linearity, repeatability and reproducibility.
RESULTS
Thus, the validation step (Table 2) , showed mean reference water contents ranging from 3.73to 29.13% w.b.. The same batch, when subjected to the EDABO method at 150° C temperature showed results ranging from 3.24 and 27.85% w.b., values that were not different from the reference method by the Tukey test at 5% significance level.
The coefficients of variation (CV) calculated from the water content data obtained in the oven ranged between 0.72 and 1.69%, whereas for the EDABO method at 150 °C, they ranged from 3.56 to 5.26%. For reference values, the standard deviation ranged from 0.04 to 0.21, whereas for the EDABO method at 150 °C, the variation was 0.17 to 1.47, as shown in Table 2 . The linear model set between the water content data obtained by the reference method with those obtained by the EDABO method at 150 °C, showed the coefficient of determination (R²) of 0.9936. The estimated intercept of the curve was β0 = -0.0042 and value-P1 P = 0.14, with tilt β1 = 0.9784 and p-value was not significant, and the same was observed for the possibility of joint nullity, as shown in Table 3 . In Figure 1 , the linear model fit between the values of the reference method and EDABO method at 150 °C is shown, including all the points obtained for each batch, which are extremely close to the central trend line. 
DISCUSSION
The low standard deviation of the values obtained from both the reference and EDABO methods demonstrates uniform water conten in both batches, even though they originated from a composite sample. This is explained by the fact that each batch was drawn from one step of the production process, in a single day, reducing the chances of deriving individual samples from very different sources.
The statistical procedures performed with the data obtained from the adaptation phase, revealed that only at the oil bath temperature of 150 °C in the EDABO method results were produced that did not differ from that of the reference method. This result corroborates the behavior for the agricultural products having a chemical composition similar to the Brazil nut, mainly in terms of the high lipid and protein content, as in the case of soybeans, whose temperature validated by the EDABO method is 135 °C, or beans exposed to 175 °C temperatures, according to Silva (2008) .
Regarding the water content values recorded using the EDABO method, at different temperatures, it was noted that the increase in the temperature of the product displayed in the oil bath resulted in an overestimated water content reading when compared with the reference method. This can be explained by the fact that, when the product temperature increased, volatiles might have been formed by lipid oxidation (CHOE; MIN, 2007; WĄSOWICZ et al., 2004) which would evaporate together with the water, especially for those samples with higher water contents. This is explained by the action of the lipoxidant enzymes that act on the lipid substrate in the more moist products, because, under such conditions, the enzyme pro-oxidant reactions are favored. This factor linked to high temperature enhances the lipid oxidation and the release of the volatile substances, resulting in an overestimation of the water content due to the increased exposure of the sample to temperature and water content (PRADO-FILHO, 1994) .
The lipid oxidation in the more moisturerich Brazil nuts was verified by Prado-Filho (1994) . He subjected them to storage for six days at different water activity values (Aw), where, for greater Aw values, with each passing day, the nuts revealed higher peroxide levels, which could lead to the production of secondary volatile compounds. Several authors refer to lipid oxidation accompanying an increase in the feed temperature, as in the case Aquino et al. (2009) who noted oxidation during drying the "pequi" fruit (Caryocar brasiliense Camb.) at high temperature. Adeeko and Jibola (1990) studying the drying of peanuts (Arachis hypogaea L.) noted similar behavior.
Overestimation of the water content can result in several operating losses during the Brazil nut processing, as in the case of overdrying, with the consequent oxidation of the product, store or product packaging with insufficient moisture.
The water content range for the validated EDABO method at 150° C temperature was higher than that tested in the adaptation phase, containing water content that typically ranged from the product collection phase (29.13% w.b.) done in the forest (NOGUEIRA et al., 2014) until the product commercialization (3.73% w.b.) phase (ÁLVARES et al., 2012) .
Utilizing the CV, it is possible to infer that the variations in the results was less than 6% for the EDABO method at 150 °C, for all the lots tested, which along with the standard deviation below 1.5 (Table 2) attests to the accuracy of the method. Precision behavior was also important and needed to be checked by the vacuum oven method, which yielded CV value below 2%, attesting that it can produce such an important feature for reference. Another inference that can be drawn from the low CV values recorded was the reproducibility and repeatability of the method demonstrated by the fact that both the reference and EDABO methods were performed by different operators and equipment and even under different environmental conditions in some replicates, demonstrating the robustness of the method.
Finally, based on the linear model adjusted between the water content values obtained by the reference method and those recorded from the EDABO method at 150 °C, a strong correlation was observed between them, as attested by the value of the coefficient of determination (R²), being close to 1. Linearity was confirmed by testing the three hypotheses, done for the estimated coefficients of linear function. Given a perfect linear function between the two methods, we required a model with zero intercept and slope equal to 1. Thus, as the adjusted intercept value of -0.0042 was very close to the expected value, and confirmed by the p-value (P¹) of 0.14, it disallows the rejection of the first hypothesis tested nullity. Already the adjusted intercept of 0.9784 was also very close to the expected value, as well as confirmed by the p-value (P²) not being significant, it allows rejection of the hypothesis that the intercept was equal to zero (case 2). Finally, the linearity was confirmed by the joint hypothesis (hypothesis 3) in which the p-value (P³) too was not significant.
CONCLUSIONS
The EDABO method was validated for a wide range of water content for Brazil nut. It can be implemented in products between 3.73 to 29.13% w.b., right from the product collection in the forest until its final marketing stage.
To safely execute the EDABO method for determining the water content of the Brazil nut, bark samples should be used for about 50g of the product with their shells broken to prevent the shells exploding in the oil bath.
The temperature of 150 °C has been validated as the optimum, which produced results similar to those derived from the reference method for the Brazil nut, proven by testing accuracy, precision and linearity.
RESUMO:
Para o manuseio adequado de um produto, conhecimento do seu teor de água é essencial. Por fornecer resultados rápidos, baratos e confiáveis, o método de evaporação direta da água no banho de óleo (EDABO) é comprovadamente uma alternativa viável para se conhecer o teor de água do produto, em todas as fases de produção da castanha-do-brasil. Para isso o método EDABO para as amêndoas foi desenvolvido utilizando-se dez lotes, cinco para a fase de adaptação e os outros cinco para a fase de validação, mantendo a faixa de teor de água entre 3,73 e 29,13% b.u.. Esta é a faixa de teor de água típica para o produto a partir da fase de extração até sua comercialização final. As temperaturas do banho de óleo testadas foram 150 a 200 °C, a cada 10 °C durante a adaptação. Os resultados obtidos foram comparados com o teor de água registrado para o mesmo lote empregando o método da estufa a vácuo como o referência. Na etapa de adaptação foi definida a faixa de temperatura mais adequada. Em seguida, o método foi validado para testar a precisão, exatidão e linearidade da faixa de temperatura pré-definida. Durante a adaptação, somente a temperatura de 150 °C apresentou resultados de teor de água consistentes com aqueles determinados pelo método de referência. Na etapa de validação, a temperatura de 150 °C revelou precisão, exatidão e linearidade e foram equivalentes àqueles determinados pelo método da estufa a vácuo. Portanto, considerando os aspectos técnicos para a implementação deste método, concluiu-se que 150 °C de temperatura foi validado.
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